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Introduction
There are over 100,000 new cases of primary hyperparathy-
roidism (HPT) each year in the United States. The only cura-
tive therapy for these patients is surgery. In experienced hands,
95% of patients are rendered normocalcaemic after para-
thyroidectomy, with minimal morbidity.1 Despite this, new
methods have been explored to further increase this success
rate and decrease morbidity, including intraoperative ultra-
sonography, methylene blue localization, selective venous
sampling, intraoperative intact parathyroid hormone moni-
toring, sestamibi scanning and use of radioguidance.2–5
Radioguided parathyroidectomy with sestamibi techne-
tium-99m (TC-99m) has been successfully used in patients
with primary, secondary and tertiary HPT.6 Sestamibi was first
used as a cardiac imaging agent and its application has been
extended to other facets of general surgery including parathy-
roid exploration. The radiotracer sestamibi TC-99m collects
in proportion to blood flow and is retained intracellularly in
mitochondria. Hyperfunctioning parathyroid cells have an
increased number of mitochondria compared with normal
parathyroids and surrounding tissue. A hand-held gamma
probe can then be used intraoperatively to localize the abnor-
mal parathyroid gland. In this article, we briefly review the
current status of radioguided parathyroidectomy.
Technique
We have recently described our technique for radioguided
parathyroidectomy (Figures 1–3). Patients are injected with
10 mCi of sestamibi about 1–2 hours prior to surgery. We use
an 11-mm collimated probe (Neoprobe 2000 Ethicon Endo-
Surgery, Breast-Care, Cincinnati, OH, USA) intraoperatively.
Both parathyroid and thyroid tissues concentrate the radio-
tracer. Our first step in the operating room is to determine
the background counts (Figure 1). The abnormal parathy-
roid gland is then localized after making the skin incision.
Intraoperative scanning is conducted to search for radionu-
clide counts greater than background (Figure 2). Once the
hyperfunctioning parathyroid gland has been removed, it is
placed onto the gamma probe (pointed away from the patient)
to yield ex vivo counts (Figures 3 and 4).
Why use the gamma probe?
Various authors have quoted different success rates with
radioguided parathyroidectomy.5,7–15 The largest collection of
these studies, including our most current series, is outlined in
the Table.6,10,12–14,16–18 There is wide variability of intraoperative
localization rates (40–100%). There appears to be a trend that
the successful localization rates increase as the number of
patients involved in the study increases. This may suggest that
experience is crucial to using this technique appropriately. At
the University of Wisconsin, we routinely use the probe with
each parathyroid exploration in order to become adept at this
technique. We strongly believe that the gamma probe provides
additional information at the time of surgery and recommend
its routine use for the reasons detailed below.
Radioguidance focuses skin incision, especially during
minimally invasive parathyroid surgery. Many patients under-
going parathyroidectomy for primary HPT will have positive
preoperative sestamibi scans, and, therefore, are candidates
for focused parathyroid exploration or minimally invasive
parathyroidectomy. In these cases, the gamma probe helps to
pinpoint the location intraoperatively and to focus the skin
incision. At our institution, we routinely perform focused
parathyroid exploration in patients with positive sestamibi
scans under local anaesthesia. We feel that the gamma probe
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minimizes the amount of dissection needed.
The gamma probe identifies ectopic parathyroid tissue.
We have localized ectopic parathyroids with the gamma probe
within the thyroid, carotid sheath, retro-oesophageal region,
thymus and undescended areas. Although this tissue may have
been found eventually, we feel that the probe allowed us to find
the ectopic glands faster.
Radioguided surgery can be used in cases where the ectopic
hyperfunctioning parathyroid tissue is located outside the
neck. We have previously reported the use of radioguidance to
localize mediastinal parathyroids.10 In these cases, preoperative
sestamibi scans revealed an enlarged parathyroid gland in
the mediastinum. Rather than approaching the lesion through
a median sternotomy, we use a minimally invasive technique,
radioguided parathyroidectomy via video-assisted thoraco-
scopic surgery. The mediastinal parathyroid adenoma is
resected using a thoracoscope, typically through the left
chest. As it is often difficult to identify the parathyroid gland
intraoperatively due to the considerable amount of fat in the
mediastinum, we use a modified laparoscopic gamma probe
to localize these mediastinal adenomas.
Radioguided surgery may decrease operative time during
bilateral neck explorations. There have been no randomized
Figure 2. Localizing enlarged parathyroid glands. After retraction of
the sternohyoid and sternothyroid muscles, the neck is scanned
using the gamma probe to detect counts above background. It is
vital to obtain counts from different directions to triangulate the
readings. The neck is scanned with the detection probe to determine
the location and angle of the hyperfunctioning parathyroid gland.
With scanning to better pinpoint the suspicious lesion, less dissec-
tion is necessary. These in vivo counts are expressed as a percentage
of background counts.8,11 (From Chen H. Radioguided parathyroid
surgery. Adv Surg 2004;38:377–92. Reprinted with permission.)
Figure 1. Setting the background counts. Background counts are
obtained with the probe on the thyroid gland, specifically on the
isthmus, prior to skin incision. The isthmus is considered the most
neutral location as the hyperfunctioning parathyroid tissue may be
located on either side of the neck. The gamma probe is then directed
over the thyroid isthmus at a 90$ angle and the background counts
recorded. (From Chen H. Radioguided parathyroid surgery. Adv
Surg 2004;38:377–92. Reprinted with permission.)
Figure 3. Determining ex vivo counts. After excision of the enlarged
parathyroid, the tissue is placed on top of the gamma probe
(directed away from the patient) to determine ex vivo counts. Ex vivo
counts are also expressed as a percentage of background counts. If
the ex vivo parathyroid count is > 20% of background, the tissue is
definitively parathyroid tissue, based on the 20% rule described by
Murphy and Norman.16 (From Chen H. Radioguided parathyroid
surgery. Adv Surg 2004;38:377–92. Reprinted with permission.)
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Figure 4. Ex vivo counts of radioguided resected parathyroid glands.
Distribution of ex vivo gland counts grouped by aetiology of hyper-
parathyroidism among 180 parathyroid glands resected by
radioguidance. Of 180 glands, 179 had ex vivo counts > 20% of back-
ground. The grey lines denote mean ex vivo counts of the groups.
Interestingly, we found that the mean ex vivo count tends to be higher
in parathyroid adenomas than hyperplastic glands. However, while
the mean ex vivo count differs between adenomatous and hyperplastic
glands, there is significant overlap in the distribution of ex vivo counts
within the groups. Therefore, due to the large variation of counts seen
in all groups, while an ex vivo count > 20% of background definitively
confirms resection of parathyroid tissue, the exact ex vivo count is not
specific enough to predict the aetiology of the hyperparathyroidism.
(From Chen H, Mack E, Starling JR. Radioguided parathyroidectomy
is equally effective for both adenomatous and hyperplastic glands.
Ann Surg 2003;238:332–7. Reprinted with permission.)
220
200
180
160
140
120
100
80
60
40
20
0
Single adenoma Double/triple
adenoma
Hyperplasia
Ex
 v
iv
o 
co
un
ts
 (
%
 b
ac
kg
ro
un
d)
Table. Radioguided parathyroidectomy: selected series
Authors Year   N
Type of Localization by Critical for
HPT gamma probe
Cure rate
success
Comments
Murphy & Norman16 1999 345 1$ 100% 99.5% Yes –
Flynn et al17 2000 139 1$ 89% 97% Yes Lower costs, useful
McGreal et al12 2001 175 1$ 100% 97% Yes Useful
Jaskowiak et al14 2002 157 1$ 85% 98% No Can be misleading
Inabnet et al13 2002 160 1$ 40% 100% No Only in re-operative cases
Nichol et al6 2003 123 2$/3$ 100% 100% Yes Decrease operative time
Chen et al10 2003 102 1$/2$/3$ 100% 96% Yes Helpful in all cases
Goldstein et al18 2003 112 1$ 100% 100% Yes Lower costs, useful
Current series 2004 222 1$ 100% 98% Yes More accurate than sestamibi
HPT = hyperparathyroidism; 1$ = primary; 2$ = secondary; 3$ = tertiary.
controlled studies comparing radioguided surgery with non-
radioguided surgery. Studies have compared radioguided sur-
gery with historical controls who have slightly altered opera-
tive methods. Aware of these limitations, several studies sug-
gest there may be decreased hospital costs. We have recently
demonstrated in our patients with secondary and tertiary
HPT that radioguided surgery significantly reduces opera-
tive time.15 Importantly, both of these groups of patients
had bilateral neck exploration and had undergone subtotal
parathyroidectomy.
The gamma probe is critical for re-operative parathyroid
surgery. Re-operation for recurrent or persistent HPT re-
mains difficult even in the most experienced hands. In repeat
operations, the success rate is 10–15% lower than the primary
procedure, with increased perioperative complications includ-
ing recurrent laryngeal nerve damage and hypoparathyroid-
ism.5 Re-operative parathyroid surgery is difficult as the tissue
planes become distorted by scar tissue. Parathyroid glands are
usually identified by colour and shape, but these are obscured
by fibrosis. Tenuous blood supply to remaining parathyroids
may also exist after primary exploration, so minimizing dissec-
tion in these patients is critical. Norman and Denham report
that the gamma detection probe is very helpful in this set-
ting.5 They examined 21 patients who underwent re-explora-
tion and found decreased complication rates secondary to
decreased unnecessary dissection. This finding, that radio-
guidance is a valuable adjunct, has been confirmed by several
other authors.2
Radioguidance adds no operative morbidity. Several stud-
ies have demonstrated no adverse reaction to the radioisotope,
sestamibi and gamma detection. The amount of radiation
exposure is also minimal.
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Challenges with radioguided
parathyroidectomy
Although radioguided surgery for HPT sounds straightfor-
ward and relatively easy, several authors have reported limited
success. This has led to a relative lack of enthusiasm for
radioguided techniques. We discuss many reasons why others
have not adopted this technology.
The gamma probe can provide misleading information
and there is a learning curve associated with its successful use.
With increasing use of the probe, its advantages and disadvan-
tages have become more readily apparent. Other organs such
as the heart and salivary glands have elevated background
counts and can misdirect the surgeon. Thyroid lesions or cysts
can lead to varied radiotracer uptake and be mistaken for
intrathyroid parathyroid glands. Tapping the probe on other
objects or directing the scan towards the carotid artery can
lead to transient counts higher than background. These
shortcomings can be overcome by rescanning the suspi-
cious area from multiple directions. In vivo counts from a
hyperfunctioning parathyroid gland are constantly elevated.
If elevated counts are obtained, fixing the probe over the
questionable area for more than 5 seconds should confirm the
diagnosis. Although obtaining adequate counts from the
gamma probe is not difficult, the interpretation of these
results requires experience.
High cure rates can be obtained without the gamma probe.
Before the advent of new adjuncts, bilateral neck exploration
boasted a 95% cure rate.5 With the use of minimally invasive
techniques including intraoperative parathyroid hormone lev-
els and preoperative sestamibi scans, the cure rate is even
higher. Some endocrine surgeons argue that with these al-
ready high cure rates, the role of radioguidance is unclear.15
Clearly, with any operation, one of the most important factors
is surgeon experience. The gamma probe may not frequently
provide additional information to experienced surgeons.
However, we would argue that in order to effectively use the
technology during difficult cases, one should be familiar and
gain experience with the gamma probe in routine cases.
Radioguided technology may increase patient costs. It is
difficult to conduct accurate cost-benefit analyses of radio-
guidance. The cost of technology needs to be weighed against
decreased operative length. These gamma detection probes
are currently used for lymph node detection in melanoma and
breast disease and, therefore, most hospitals do not have the
cost of purchasing this instrument. However, the radiotracer
injected as well as use of the probe is charged to the patient.
Additional costs vary by institution employing the new
technique.
Conclusion
The approach to parathyroid exploration continues to employ
the tenets of a systematic approach and meticulous technique.
It is difficult to define the importance and role of radioguided
parathyroidectomy. Most will agree that this technique is very
helpful for re-operative parathyroidectomy. At the University
of Wisconsin, we use radioguidance in all patients undergoing
parathyroidectomy, gaining more experience for more diffi-
cult cases. At our institution, it is a helpful adjunct to reduce
operative length, avoid unnecessary dissection and decrease
operative morbidity.
References
1. Udelsman R. Six hundred fifty-six consecutive explorations for
primary hyperparathyroidism. Ann Surg 2002;235:665–70.
2. Chen H. Surgery for primary hyperparathyroidism: what is the best
approach? Ann Surg 2002;236:552–3.
3. Chen H, Sokoll LJ, Udelsman R. Outpatient minimally invasive
parathyroidectomy: a combination of sestamibi-SPECT localization,
cervical block anesthesia, and intraoperative parathyroid hormone
assay. Surgery 1999;126:1016–21.
4. Irvin GL III, Sfakianakis G, Yeung L, et al. Ambulatory parathyroid-
ectomy for primary hyperparathyroidism. Arch Surg 1996;131:
1074–8.
5. Norman J, Denham D. Minimally invasive radioguided parathy-
roidectomy in the reoperative neck. Surgery 1998;124:1088–92.
6. Nichol PF, Mack E, Bianco J, et al. Radioguided parathyroidectomy
in patients with secondary and tertiary hyperparathyroidism. Sur-
gery 2003;134:713–7.
7. Irvin GL III, Molinari AS, Figueroa C, Carneiro DM. Improved
success rate in reoperative parathyroidectomy with intraoperative
PTH assay. Ann Surg 1999;229:874–8.
8. Martinez DA, King DR, Romshe C, et al. Intraoperative identifica-
tion of parathyroid gland pathology: a new approach. J Pediatr Surg
1995;30:1306–9.
9. Goldstein RE, Blevins L, Delbeke D, Martin WH. Effect of minimally
invasive radioguided parathyroidectomy on efficacy, length of stay,
and costs in the management of primary hyperparathyroidism. Ann
Surg 2000;231:732–42.
10. Chen H, Mack E, Starling JR. Radioguided parathyroidectomy is
equally effective for both adenomatous and hyperplastic glands.
Ann Surg 2003;238:332–7.
11. Nichol PF, Starling JR, Mack E, et al. Long-term follow-up of pa-
tients with tertiary hyperparathyroidism treated by resection of a
single or double adenoma. Ann Surg 2002;235:673–8.
12. McGreal G, Winter DC, Sookhai S, et al. Minimally invasive,
radioguided surgery for primary hyperparathyroidism. Ann Surg
Oncol 2001;8:856–60.
ASIAN JOURNAL OF SURGERY  VOL 28 • NO 2 • APRIL 2005 81
070/2001
■ RADIOGUIDED TECHNIQUES FOR PARATHYROID SURGERY ■
13. Inabnet WB III, Kim CK, Haber RS, Lopchinsky RA. Radioguidance
is not necessary during parathyroidectomy. Arch Surg 2002;137:
967–70.
14. Jaskowiak NT, Sugg SL, Helke J, et al. Pitfalls of intraoperative quick
parathyroid hormone monitoring and gamma probe localization
in surgery for primary hyperparathyroidism. Arch Surg 2002;137:
659–68.
15. Chen H, Zeiger MA, Gordon TA, Udelsman R. Parathyroidectomy
in Maryland: effects of an endocrine center. Surgery 1996;120:
948–52.
16. Murphy C, Norman J. The 20% rule: a simple, instantaneous radio-
activity measurement defines cure and allows elimination of frozen
sections and hormone assays during parathyroidectomy. Surgery
1999;126:1023–9.
17. Flynn MB, Bumpous JM, Schill K, et al. Minimally invasive
radioguided parathyroidectomy. J Am Coll Surg 2000;191:24–31.
18. Goldstein RE, Billheimer D, Martin WH, et al. Sestamibi scanning
and minimally invasive radioguided parathyroidectomy without
intraoperative parathyroid hormone measurement. Ann Surg 2003;
237:722–31.
